Stem canker and black scurf of potato, caused by Rhizoctonia solani, can be serious diseases causing an economically significant damage. Biocontrol activity of Bacillus subtilis ATCC 11774 against the Rhizoctonia diseases of potato was investigated in this study. Chitinase enzyme was optimally produced by B. subtilis under batch fermentation conditions similar to those of the potato-growing soil. The maximum chitinase was obtained at initial pH 8 and 30 °C. In vitro, the lytic action of the B. subtilis chitinase was detected releasing 355 μg GlcNAc ml -1 from the cell wall extract of R. solani and suggesting the presence of various chitinase enzymes in the bacterial filtrate. In dual culture test, the antagonistic behavior of B. subtilis resulted in the inhibition of the radial growth of R. solani by 48.1% after 4 days. Moreover, the extracted B. subtilis chitinase reduced the growth of R. solani by 42.3% when incorporated with the PDA plates. Under greenhouse conditions, application of a bacterial suspension of B. subtilis at 10 9 cell mL -1 significantly reduced the disease incidence of stem canker and black scurf to 22.3 and 30%, respectively. In addition, it significantly improved some biochemical parameters, growth and tubers yield. Our findings indicate two points; firstly, B. subtilis possesses a good biocontrol activity against Rhizoctonia diseases of potato, secondly, the harmonization and suitability of the soil conditions to the growth and activity of B. subtilis guaranteed a high controlling capacity against the target pathogen.
INTRODUCTION
Chitin is being present in most fungal cell walls, representing the principal structural component of most biological systems. It consists of a β-1,4-linked homopolymers of N-acetylglucosamine (GlcNAc). This component and its derivatives are of interest because they have varied biological functions to the organisms [7] .
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Chitinases, which are responsible for chitin degradation, have been divided into two main categories. The first is endochitinases (E.C. 3.2.1.14), which randomly split chitin at internal sites, thereby forming the dimer diacetylchitobiose and soluble low molecular mass multimers of GlcNAc such as chitotriose, and chitotetraose. The second is exochitinases, which further divided into two subcategories, i.e. 1) chitobiosidases (E.C. 3.2.1.29) that are involved in catalyzing the progressive release of diacetylchitobiose starting at the non-reducing end of the chitin microfibril, and 2) 1-4-β-glucosaminidases (E.C. 3.2.1.30) that cleaving the oligomeric products of endochitinases and chitobiosidases, thereby generating monomers of GlcNAc [7, 21] . Chitinases are considered important in the biological control because of their ability to be induced by-and degrade the chitin of the fungal cell wall [2] , to yield GlcNAc that is consumed by the bioagent for growth. Among several microbes, certain strains of Bacillus spp. have been shown to secret highest amount of chitinase [7] . Their secondary metabolites have antimicrobial activity against phytopathogens, also acting as plant growth-promoting substances, as well as promoting the nutrients uptake and self-defense of the plants [2] .
Potato is a staple crop in 130 countries worldwide, ranking fourth in production after rice, maize and wheat. In Egypt, the area under potato cultivation in 2013 was 178,000 hectare yielding 4.8 million tons of tubers. It is important for local consumption and exportation, representing approximately 5.9% of agricultural exports [3] . Stem canker and black scurf are a serious diseases commonly observed in most potato-producing areas of the world. The disease is caused by Rhizoctonia solani AG3 and AG4 (teleomorph Thanatephorus cucumeris [Frank] Donk). The fungus is capable to survive in soil as sclerotia and mycelium in plant debris for long periods, and environmental conditions of low soil temperature and high soil moisture [4, 18] .
Chemical and cultural control of stem canker and black scurf that extensively studied in many potato-producing countries revealed that such techniques are not completely effective, and Rhizoctonia diseases have been remained a persistent problem [10] . Alternatively, biological control has increased considerably in the last few decades, to provide control of diseases that cannot or partly managed by other control strategies. Biological control of Rhizoctonia diseases using different microbial antagonists has been studied by many researchers on several host crops [1, 2, 12] . Particularly, B. subtilis has been shown to be effective for the control of many phytopathogens including R. solani [12, 13] . Brewer and Larkin [1] recorded that, among 28 tested potential biocontrol organisms, treatment with B. subtilis was most effective in reducing stem canker severity on potato (40-49% reduction). The antagonistic activity of B. subtilis may be attributed to the production of bioactive compounds and/ or extracellular hydrolytic enzymes [2, 8, 11] . The main idea is to decrease the inoculum or the disease producing activity of a pathogen through one or more mechanisms [1] . Most of inoculants perform better under laboratory conditions, but fail to work efficiently when moved to the outdoor application. The reason is the different nature between both environmental conditions. Each environmental condition has its own microbial community. Therefore, it is important to choose a biocontrol agent that previously adapted or at least already have growth conditions similar to the environ-Acta Biologica Hungarica 66, 2015 ment, where it will be applied. Chitinase as important enzyme in various fields, including biological control, is suitable candidate to evaluate such hypothesis.
The aim of the present work was to a) optimally produce chitinase enzyme from B. subtilis under simulated soil conditions, b) detect the lytic action of the B. subtilis chitinase, c) investigate the biocontrol activity of B. subtilis and its chitinase against R. solani in vitro, d) evaluate the efficacy of application of bacterial cell suspension of B. subtilis for control of stem canker and black scurf diseases of potato under greenhouse conditions, and e) investigate some biochemical, growth and yield parameters that may be affected as a response of the treatment with the biocontrol agent. 
MATERIALS AND METHODS

Bacterial
Batch fermentation for chitinase biosynthesis and its assay
Inoculum of B. subtilis was prepared by scraping 24 h aged cultures, using sterile distilled water. The final inoculum concentration was adjusted to 10 8 cfu ml -1 . The medium used for the production of chitinase, contained (gL -1 ); chitin from crab shell (Sigma-Aldrich, MO, USA) (1.0), yeast extract (0.5), (NH 4 ) 2 SO 4 (1.0), MgSO 4 •7H 2 O (0.3) and KH 2 PO 4 (1.36). The incubation temperature and pH were investigated at various ranges. The general full factorial design was applied, where the first factor has 4 levels (20, 25, 30 and 35 °C) and the second factor has 5 levels (pH 6.5, 7.0, 7.5 8.0 and 8.5). Fifty ml portions of the fermentation medium were dispensed in 250 Erlenmeyer flasks and sterilized. The medium was inoculated with 1% cell suspension. After incubation for 3 days on an orbital shaker (100 rpm) the flasks were filtered and centrifuged at 8000 rpm for 15 min at 4 °C. The clear supernatants were collected as crude chitinase. Chitinase activity was determined spectrophotometrically according to the method of Miller [17] . Colloidal chitin was prepared by the method of Hsu and Lockwood [9] .
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Degradation of R. solani cell wall
The fungal cell wall was prepared by growing R. solani on 50 ml potato dextrose broth (PDB) and incubation at 30 °C for 4 days under shaking condition (100 rpm). The mycelium was harvested by filtration and thoroughly washed with distilled water, then homogenized for 3 min in a tissue phosphate homogenizer. The homogenate was further subjected to ultrasonic disintegration in ice bath for 6 min in 12 cycles each of 30 s in MSE Soniprep 150 ultrasonic disintegrator (MSE Scientific Instruments, Sussex, UK). The pellet obtained by centrifugation at 5000 rpm for 25 min at 4 °C in a refrigerated centrifuge was washed four times with distilled water and dried. Equal portions of the obtained cell wall (100 mg), suspended in 10 ml of 0.05 M phosphate buffer (pH 7.0), were incubated with 10 ml (≈140 U) of the crude chitinase preparation, after incubation for different periods (2 to 12 h) at 30 °C with reciprocal shaking (60 strokes/min), the reaction mixture was centrifuged at 4000 rpm, then the released monomers was determined by the method of Miller [17] .
Dual culture assay
In vitro antagonistic assay was performed according to the dual culture method on potato dextrose agar (PDA) medium (Difco, USA). A disk (5 mm) of one-day-old culture of R. solani was disposed at the center of Petri dishes and B. subtilis was streaked in a square form around the agar disk at 2 cm distance. The antagonistic activity of B. subtilis was estimated by the inhibition of the fungal growth in comparison to a solely cultivated fungus. The reduction in fungal growth was monitored by measuring the diameter in centimeter of the colony until 4 days at 30 °C and 16 h photophase.
Measuring antagonistic activity of B. subtilis chitinase
To determine the activity of chitinase against R. solani, 1.0 ml (≈14 U) of crude chitinase preparation sterilized using Millipore filter was mixed with 9 ml PDA before solidification. Plates were then inoculated at the center with 5 mm disk of R. solani and incubated at 30 °C for 4 days. The diameter of the fungus colonies were then determined and compared with control plates that did not contain chitinase.
Greenhouse experiment
The inoculum of B. subtilis was prepared on chitinase production medium. The obtained bacterial cells were re-suspended in sterile 0.85% NaCl and centrifuged at Acta Biologica Hungarica 66, 2015 5000 rpm for 25 min at 4 °C. The supernatant was discarded and the washed bacterial cells were re-suspended in sterile distilled water. The concentration of cells in the suspension was adjusted to 10 9 cell mL -1 . Inoculum of R. solani was prepared by culturing on PDA plate and incubation at (25 ± 2 °C) for 3 days. Mycelium plugs were transferred to sterilized medium of sorghum : coarse sand : water (2 : 1 : 2, v/v) and incubated at room temperature for 10 days.
Plastic bags (50 cm in diameter) were filled with 10 kg sterilized soil, clay : sand (2 : 1, v/v). Healthy potato tubers were surface sterilized in 1% sodium hypochloride, and then washed several times with sterilized water. The chemical treatment was carried out by soaking in Rizolex-T (50% of tolclofos methyl-thiram, Sumitomo Chemical Co., Japan) at 3 g kg -1 tuber for 2 h and then dried using sterilized paper. Some bags were singly infested with the previously prepared pathogen inoculum at the rate of 0.4% (w/w). The soil was mixed thoroughly with R. solani and regularly watered to near field capacity with sterilized water and left for one week to ensure even distribution of the pathogen. B. subtilis was applied at planting by adding 200 ml of the bacterial suspension as soil drench. One week after inoculation with R. solani, two tubers were planted in each bag. Bags were regularly watered to near field capacity with tap water. Three treatments were applied; Rhizolex + R. solani, R. solani and R. solani + B. subtilis. Another set of bags of disinfected soil and untreated tubers was used as a control. The experiment was arranged in a completely randomized block design. Nine replicates were included per treatment. Plants were grown in a greenhouse for 100 days at temperature ranged between 20-30 °C, soil pH was 7.9.
After six weeks from planting, three plants from each treatment were selected, washed and air dried to evaluate the severity of lesions developed on the infected plants, based on scale described by Brewer and Larkin [1] . When two or more shoots emerged from one seed piece, the average rating of all shoots was recorded. Incidence of stem canker was measured as the percentage of plants with a severity rating of two or greater. After harvest, newly formed sclerotia were visible on the seed pieces, therefore, black scurf was assessed according to Brewer and Larkin [1] . Incidence of black scurf was calculated as the percentage of tubers with a severity rating of one or greater. After 40 days from sowing, the total phenol content in potato plant was determined according to Malik and Singh [15] , as well as assay of polyphenoloxidase [16] and peroxidase [6] . After 70 days of sowing, photosynthetic pigments were measured according to Mackinney [14] . The growth was evaluated in terms of height and fresh and dry weight of shoot, number of leaves and stolons. At harvest, number and weight of tubers were recorded.
Statistical analysis
The design and analysis of fermentation conditions (temperature and pH) of B. subtilis growth medium were carried out based on the general full factorial design using Minitab software (version 17). The data of the greenhouse experiment were analyzed Acta Biologica Hungarica 66, 2015 using CoStat software (version 6.4). The analysis of variance was applied and comparison among different means was carried out according to Duncan multiple range test, at probability (P) level ≤ 0.01 or 0.05.
RESULTS
Optimization of temperature and pH for chitinase biosynthesis
The environmental conditions (temperature and pH) for B. subtilis chitinase biosynthesis were investigated using the full factorial design (Fig. 1) . The maximum chitinase secretion was obtained at an initial pH 8. This means that the acidic conditions affect negatively more than the alkaline one on the biosynthesis of this enzyme. Anyhow, any increase or decrease in the pH 8 resulted in variable reduction in enzyme productivity. Within this pH, the optimum incubation temperature for chitinase secretion was observed at 30 °C. Chitinase production reached 13.9 U at pH 8 and incubation temperature of 30 °C as the optimum environmental fermentation conditions. Out of these optimum points chitinase biosynthesis was reduced, but the bacterium was still able to secret the enzyme, since there was significant activity of chitinase within all the tested ranges of initial pH (6.5-8.5) and incubation temperature (20-35 °C) .
Based on the analysis of variance, the contribution and significance of both tested factors are summarized in Table 1 . The contribution of the overall model reached 100% indicating the aptness of this model for chitinase biosynthesis. The temperature is responsible for 31.5%, whereas the initial culture pH is sharing by 62.6%. This indicates that both factors are important since they individually recorded significant effect in the production process. However, the initial pH is more important than the temperature. The interaction of both tested variables recorded lower contribution, being 5.9%, in spite of the low contribution of the interaction; it also, reached to the level of significance. This means that both factors as well as their interaction are principals and important during the biosynthesis of such enzyme as indicated by the high F-value and very low P-value. Bioactivity of B. subtilis and its chitinase against R. solani
Hydrolysis of cell wall of R. solani was markedly observed over the incubation period (2-12 h) (Fig. 2) . B. subtilis chitinase as a lytic enzyme exerted steadily catalytic activity against the isolated cell wall as a chitin containing substance, reaching its maximum at the end of incubation period (12 h), releasing 355 μg GlcNAc ml -1 from the cell wall isolated from R. solani. There was strong linear positive relationship, represented by simple correlation (r = 0.98) and coefficient of determination (R 2 = 0.97), between the reaction time and degree of cell wall hydrolysis.
Dual culturing test between R. solani and B. subtilis, and the antagonism test between R. solani and the bacterial chitinase itself were applied. Both assays showed marked retardation of fungal growth. However, the dual culture test was more effective than the addition of chitinase preparation to PDA growth medium, and this reduction was more pronounced with prolongation of time. The dual culture assay effectively reduced the growth of R. solani by 20.9 and 48.1% after 2 and 4 days, respectively, compared with 19.5 and 42.3% reduction with the bacterial chitinase alone. However, chitinase is still responsible for the majority of the reduction in growth of R. solani, and only 5.8% of the reduction back to factors other than chitinase.
Greenhouse evaluation of B. subtilis as a bioagent
Data obtained from greenhouse experiment (Table 2) show that, treatment with B. subtilis significantly reduced the disease incidence and severity of stem canker (22.3 and 1%, respectively) and black scurf diseases (39.9, 1%, respectively) compared with treatment of R. solani alone. In spite of the fact that the treatment of the infected plants with B. subtilis significantly lowered both diseases incidence and severity, treatment with the chemical fungicide was most significantly effective in diseases reduction ( Table 2 ). The severity of stem canker and black scurf reduced to 0.67 and 0.47%, respectively, in case of the treatment with Rhizolex + R. solani compared with 3 and 3.4% in the case of infection by R. solani alone. Infection with R. solani excreted stress on potato plants and led to accumulation of some defense related bioactive compounds. Data presented in Table 3 showed that contents of total phenol, polyphenoloxidase and peroxidase were significantly induced by the application of R. solani + B. subtilis, being 1.574 g -1 fresh wt., 2.167 U and 1.133 U, respectively, comparing with the other treatments. On the other hand, Means within each row followed by different letter(s) significantly differ (P ≤ 0.05).
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all the photosynthetic pigments (chlorophylls a, b and total) significantly increased in the control plants over the other treated plants, carotenoids was the only exception, which reached the maximum (0.291 mg g -1 fresh wt.) in plants developed under stress of R. solani alone. In addition, the control treatment recorded the highest values of the all tested growth parameters of the potato compared with the infection with R. solani alone. On the other hand, inoculation with B. subtilis, even in the presence of R. solani, showed improvements in both shoot fresh weight (44.6 g plant -1 ) and number of stolons (3.3), however, that later is critical criterion in the development of tubers in the late stage of plant life. Comparing to the control treatment, considerable yield losses were observed in infected plants, especially with the absence of B. subtilis inoculation (Fig. 3) . However, treatment of the infected plants with B. subtilis led to a significant increase in the potato weight (117 g plant -1 ) and number (2.7 plant -1 ) in comparison with only infected treatment.
DISCUSSION
Temperature and pH are among the main factors that affect the microbial growth and activity in soil. So, it was decided to optimize and simulate these conditions in laboratory to ensure the ability of chitinlytic bacterium to work as a bioagent under similar soil conditions, where it will be applied. In this connection, our results indicated that the maximum chitinase secretion was obtained at an initial pH 8 and incubation temperature 30 °C. Such conditions represent suitable support for the growth and activity of the tested bacterium under Egyptian soil conditions during the growing season of potato (pH 7.9 and temperature range 15-30 °C). These findings are in agreement with that of Ghafil [5] who recorded the maximum specific activity of chitinase produced by B. subtilis (A3) at 30 °C and pH 8. Change in pH affects the ionization state of the amino acids in the enzyme leading to protein alteration and accordingly enzyme inactivation. On the other hand, change in the incubation temperature affects the protein nature of the enzyme leading to protein denaturation and so enzyme inactivation. Bioactivity of B. subtilis and its chitinase against R. solani
Hydrolysis of cell wall of R. solani by chitinase extract reflects the antagonistic nature and the mode of action of the bioagent B. subtilis. The prolongation of chitinase over a long period of catalytic action reflects its resistance and stability in addition to the continual activity as long as the substrate is available. This is may be due to the high specificity and affinity between the enzyme and the substrate (cell wall). This means that this enzyme preparation could effectively be used in suppression of the cell wall formation of R. solani, so considered an effective tool for biological control of many plant pathogens, as well. The cell wall acts as protective agent to the fungus, one possible explanation for the inhibition of fungal growth is the action of chitinase on chitin present in the cell wall [2] . The hydrolysis of cell wall and release of GlcNAc units from the reaction mixture of bacterial chitinase and fungal call wall may be explained based on the occurrence of complementary chitinase system in the bacterial preparation [21] .
The superiority of dual culture over chitinase alone in reducing the growth of R. solani may be back to the presence of other mechanisms, such as the competition between the bacterium and the fungus for nutrients and space. Additionally, the presence of B. subtilis guarantees continuous supplementation of various bioactive materials in the growth medium, which restrict the fungal growth. These results are in consistence with that of Kumar et al. [12] . In general, the hydrolysis of fungal cell wall, affecting greatly on fungal growth. Several strains of the genus Bacillus have been found to show antibacterial or antifungal activity against different phytopathogens, beside the fast growth and forming resistant spores with high thermal tolerance to overcome the adverse conditions [13, 21] . All these properties make this bacterium suitable candidate as a biocontrol agent. This enzyme may play an important role in the defence against the parasitic R. solani on higher plants, which was evaluated in next trial.
Greenhouse evaluation of B. subtilis as a bioagent
Our findings on the control of Rhizoctonia diseases of potato under greenhouse conditions by B. subtilis comply with that reported by Jeger et al. [10] . Bacillus spp. produce extracellular chitinase and other enzymes as well as ribosomally synthesized peptides, and other unusual antibiotic peptides such as the rhizocticin and L-amino acid ligase, which led to the remarked reduction in the development of the disease [11] . The extracellular chitinase degrades the cell wall, due to their physical interactions that suppressing the growth of soil borne plant pathogens [13] . This mode of action may be the proposed mechanism in the present study. Another proposed mechanism by Bacillus strains is the advantage of being able to form endospores (that confer the bacterial strain high stability as a bio-fungicide or bio-fertilizer) and antibiotics that manage the stem canker and black scurf diseases of potato [12] .
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Induction of some defense related bioactive compounds in the plant (total phenol, polyphenoloxidase and peroxidase) by B. subtilis forms another aspect of disease control. Plant phenolics and their oxidation products such as quinones are highly toxic to invading fungi. The rapid accumulation of phenols at the infection site is prerequisite for plant defense mechanism that prevents the pathogen from being developed; they act as antioxidant, antimicrobial, and photoreceptor [20] . Polyphenoloxidase enzyme is involved in the oxidation of polyphenols into quinones (antimicrobial compounds) and lignification of plant cells during microbial invasion, and also may participate in the responding defense reaction and hypersensitivity by inducing plant resistance against fungi. Peroxidase is a component of an early response of plants to pathogen infection and plays a major role in the biosynthesis and polymerization of proteins and lignin or suberin cell wall constructing a physical barrier that could prevent pathogen penetration of cell walls or movement through vessels [19, 20] . On the other hand, variation in photosynthetic pigments may occur by enhancing the efficacy of photosynthetic apparatus with a better potential for disease resistance and decrease in photophosphorylation rate usually occurring after infection [19] . It could be said that the presence of B. subtilis alongside R. solani reduced its harmful impact on plants. These results are in consistence with that of Kumar et al. [12] obtained under greenhouse conditions and in the field. However, the disease severity is not always associated with yield reduction, but formation of tuber-borne sclerotia downgrades tuber quality with the development of malformation and size alteration of the target tubers [10] .
In conclusion, chitinase was secreted by B subtilis under conditions similar to those present in the soil. Therefore, the bacterium is already adapted to work under such soil conditions. That is why B. subtilis and its chitinase demonstrated antifungal activity against R. solani in laboratory, as well as exhibited reduction in stem canker and black scurf diseases under greenhouse conditions. Based on the test of our hypothesis, at selection of a bioagent, it is important to emphasize on the similarity between the growth nature in laboratory and at site of application. This may guarantee the success of the bioagent in the greenhouse application.
